Almost half of SE Asia's considerable hydrocarbon reserves are contained in carbonates. The majority of these reservoirs are Miocene buildups up to tens of kilometres across. However, with the exception of a few fields, there is little detailed data on how local depositional and diagenetic conditions influence the considerable heterogeneities in reservoir quality often encountered. This study focuses on factors influencing the facies, diagenetic and reservoir variability of comparable Modern, Quaternary and Neogene reef associated deposits from the Tukang Besi Archipelago, Central Indonesia.
Introduction
Almost half the world's oil production (Dickey, 1986) , and a similar percentage of Indonesia's hydrocarbon production (Park, 1995) is from carbonate reservoirs. The majority of SE Asia's reserves are in carbonate buildups of Neogene age with major new discoveries continuing to be found in these deposits (e.g. the Kujung Formation in the East Java Sea). Greenlee and Lehmann (1993) showed that >45% of hydrocarbon 1 reserves contained in Phanerozoic productive carbonate buildups were in Miocene systems (containing >16.5 BBOE), with most of these in SE Asia. Despite the clear economic importance of Neogene buildups as reservoir targets, there are very few studies of analogous modern or Neogene outcrops in SE Asia. Detailed modern studies are restricted to those of the Pulau Seribu system, offshore Jakarta (Scrutton, 1978; Park et al., 1992 Jordon, 1998 . These high-energy, small-scale buildups developed on the shallow shelf bordering the island of Java and do not encompass the variety of carbonate depositional systems seen throughout the region. Sedimentological and diagenetic analysis of the Tacipi Formation of South Sulawesi is one of the very few detailed studies of outcropping Negoene carbonate buildups (Grainge & Davies, 1983; Mayall & Cox, 1988 , Ascaria et al., 1997 . There is considerable need for new evaluations of modern and Neogene carbonate systems to provide analogue data to aid in reservoir prediction of subsurface buildups.
This manuscript reports on preliminary results of an ongoing project to evaluate influences on marine environmental change, facies distribution and potential reservoir development of modern and late Cenozoic carbonate buildups in the Tukang Besi Archipelago (or Wakatobi region), offshore SE Sulawesi. The Wakatobi area is ideal to study buildup development because it includes a range of diverse carbonate depositional systems associated with isolated, small-scale buildups, fringing/barrier reefs around islands, large and small-scale atolls. Over 10 different uplifted coral reef terraces are preserved on individual islands in the Wakatobi chain and onshore Buton. These late Cenozoic deposits allow assessment of how environmental change and diagenesis impact on reservoir quality of Cenozoic carbonate buildups. The morphology and development of the archipelago was much debated in the early part of last century (Escher, 1920; Hetzel, 1930; Kuenen, 1933a; b; Umbgrove, 1947; van Bemmelen, 1949; Tomascik et al., 1997; Milsom et al., 1999) . However, until now there has been no detailed work on the shallow-marine or onshore carbonate deposits. Over 6 months of field data collection has been completed for this project and laboratory analysis is underway. Publications of final results are planned for international publication when analysis is complete.
The overall objectives of the study are:
• To map out, and evaluate controls on, modern carbonate sediment distribution patterns • To compare the sedimentary characteristics and reservoir quality of limestones exposed onshore with analogous modern reefal-associated sediments • To reconstruct how marine carbonate-producing environments have changed in the region over the last 5 million years, and to evaluate factors influencing these changes.
• To evaluate how depositional setting and diagenesis have influenced reservoir quality of carbonate buildups in the Wakatobi region.
• To provide analogue data to aid in reservoir characterisation of comparable Neogene subsurface buildups in SE Asia.
Methodology
A range of field and laboratory techniques were utilised to study the modern reefs and their associated deposits of the Wakatobi region, together with their uplifted Pliocene/Quaternary equivalents which crop out as exposures on the islands (Figure 1 ).
Fieldwork, totalling >6 months has now been completed on a range of modern environments and onshore all islands in the Wakatobi and south Buton region. Laboratory analysis and analysis of results is ongoing.
The modern settings were surveyed and deposits sampled along underwater transects, generally perpendicular to the trend of the reef crest (i.e. from deep forereef areas, passing across the shallow reef crest to inner reef or land areas). Study was through diving and snorkelling and recording local environmental conditions where changes in sediment-types occur. For regions deeper than 20-30 m additional samples were obtained using a sediment grab. In total, >40 modern transects were studied, with over 300 samples of modern reef-associated sediments collected. The components, their alteration, grain size distribution and primary porosity of individual samples are now being studied through microscopy of sediment samples, petrography of grain mounts and laser granulometry. 
Modern carbonates
The Wakatobi Archipelago provides an excellent opportunity to characterise and evaluate controls on modern coral reef associated sediments in SE Asia. Tomascik et al., It consists of three, roughly linear rows of atolls, islands and buildups trending northwestsoutheast that rise from a broader platform (700-1000m water depth) of possible continental origin (Smith and Silver, 1991; Koswara and Sukarna, 1994; Milsom et al., 1999) . All modern depositional systems in the archipelago are isolated from siliciclastic input as they each rise from water depths of over 700 m in the Western Banda Sea. The tidal range is ~2 m, and currents are often very strong, particularly between islands/atolls.
Wave energy can be high and is strongly seasonal being dependent on the monsoon winds. Very strong south-easterlies blow between June to August, whereas westerlies of lesser strength affect the area between December to March. Sampling of north eastern sides of islands and many of the high energy outlying sites (Binongko, Runduma, Ndaa, Moro maha etc) was only possible during the short window of usually calmer weather between September and November.
It is inferred from preliminary analysis of the modern deposits that there are distinctive variations in the carbonate sediments from different local environments associated with the reefs. Characterisation of environments was through analysis of macrobiota, their morphologies and sediment characteristics (components, grain size and alteration). Preliminary results show that beach, inner and outer reef flat, reef crest, reef slope, forereef, moderate energy and high energy lagoon deposits can all be distinguished. It is also possible to evaluate relative water depths and energy of formation of the deposits. There appears to be distinct variations between deposit and terrace development on windward and leeward sides of islands, with windward terraces generally being narrower and formed under higher energies than their leeward counterparts. Figure   2 shows an example of deposit characterisation typical of a leeside fringing reef.
Pliocene/Quaternary carbonates
The Wakatobi islands preserve a unique record of ancient uplifted coral reefs that formed within the last 5 million years. These ancient reefs are exposed as a series of stepped terrace levels that have been uplifted to maximum heights of 300 m. The deposits of each terrace formed in a variety of shallow marine environments associated with coral reefs that built towards sea level. As the shallow water deposits became emergent due to uplift forming a 'terrace', a new active fringing reef system developed around the emerging island. On subsequent uplift this 'new' reef becomes a lower, and younger emergent terrace level. Thus on each of the islands the older terrace levels are exposed at greater elevations with younger terrace development sequentially closer to current sea level. The shallow water reef deposits (limestone terraces) overlie deeper water marls of Late Miocene and Early Pliocene age (the Ambewa Formation, Koswara & Sukarna, 1994) . Rare exposures of older basement thought to be of continental origin have been reported on Runduma (Koswara & Sukarna, 1994) . Despite an extensive search for these older rocks on Runduma no in situ exposures were located. However, blocks of silica-rich and ferromagnesium-rich igneous rocks were found. The latter, if originating on Runduma would throw into doubt the hypothesis of purely continental crust underlying the region (cf. Cornée et al., 2002) .
Through analysis of fossil types, their morphologies (Crabbe et al., 2006) and deposit characteristics the environments of formation of the uplifted reef terraces are being determined. GPS locations and heights were recorded for each location together with geomorphic markers, deposit sediment texture, grain size and components. Data on the deposits of the modern reefs is being used as a modern analogue to aid this interpretation. Preliminary results indicate that a similar range of environments can be characterised in the terraces as are seen in the modern environments today. By analogy with the modern sediments it is also possible to evaluate past environmental change in the region and to evaluate influencing factors. Figure 3 shows an example of data collected and interpretations made for just one of the transects from across the leeside of the island of Tomea.
A complex series of oceanographic, climatic, tectonic and eustatic factors influence deposit types and terrace development. The findings of this research have
shown that a series of over 10 different stepped coral reef terraces have developed within the last 5 million years. Since the highest terrace level, at over 300 m, is significantly greater than any known eustatic sea level fall there has to be a strong element of tectonic uplift in the region, related to regional tectonics. Tracking the height of individual terrace levels has to date not revealed any significant systematic height variations which might have been suggestive of tectonic tilting or folding in the region. Further analysis of the data set together with high resolution dating is required to determine whether differential tectonic uplift has affected the different islands, and the relative roles of tectonics, eustasy and oceanography.
Reservoir quality
The reservoir potential of the terraces is being evaluated through combining the original deposit characteristics together with their diagenetic overprint. Further petrographic, scanning electron microscopy (SEM), cathodoluminescent (CL) and geochemical studies are helping reveal how diagenetic environments and paragenetic sequences have influenced porosity and permeability. Preliminary results are that marine cements are concentrated in windward reef crest environments, whereas micritization of grains was particularly prevalent in shallow leeside deposits. Meteoric influences markedly affected shallow water deposits, although both leaching and cementation resulted. In general reservoir quality is best developed in high energy shoal deposits, in windward reef flat or slope deposits, and in leeside crest and shallow slope deposits.
These findings are comparable with studies of other high energy margins (Wilson and Evans, 2002) or buildups, such as those of the subsurface productive Neogene buildups offshore the Philippines (Nido Limestone; Grötsch and Mercadier, 1999) 
Summary
When complete this study will provide a unique insight into the character and distribution of modern and late Cenozoic deposits from a wide range of depositional environments associated with isolated carbonate platforms and buildups in SE Asia. By focusing on factors influencing facies, diagenetic and reservoir variability this study provides constraints on marine environmental change together with much needed reservoir analogues for prospective Neogene subsurface buildups.
Preliminary results are that reservoir quality is best developed in high energy shoal deposits, in windward reef flat or slope deposits and in leeside crest and shallow slope deposits. This evaluation of spatiotemporal variability in reservoir potential of carbonate buildups provides much needed analogue data as the hydrocarbon industry focuses on improving recovery from existing fields and exploring for new reserves. 
